OBJECTIVES The aim of this study was to investigate whether inclusion of simple measures of calcified plaque distribution might improve the ability of the traditional Agatston coronary artery calcium (CAC) score to predict cardiovascular events.
EVENT ASCERTAINMENT (FOLLOW-UP). Participants were followed for a median of 10.0 years (interquartile range: 9.5 to 10.7) for the first occurrence of a coronary heart disease (CHD) or CVD event.
At intervals of 9 to 12 months, an interviewer con- CT PROTOCOL. All MESA study participants underwent baseline measurement of CAC using noncontrast cardiac CT. Participants were scanned twice, and the score was reported as the average of the 2 scans. CAC scores were reported as the Agatston score, which is a single summary score reflecting the summed product of the within-slice calcified plaque area and a density weighting factor representing the peak CT attenuation within the individual calcified plaque (4). Regional distribution of CAC is not a factor in traditional Agatston CAC scoring. Subjects were told after the baseline visit (2000 to 2002) whether they had no, less than average, average, or greater than average CAC and were encouraged to discuss the results with their physicians.
DEFINITION OF CAC PARAMETERS. Vessel-specific CAC measurements were performed in 6,540 MESA participants (96%). A total of 3,262 (50%) individuals had baseline CAC >0 and form the population for this analysis. J
Regional CAC and Cardiovascular Events In participants with CAC in $2 vessels, we calculated a "diffusivity index" representing the degree of dispersion of CAC within the coronary tree. A higher diffusivity index represents a more diffuse pattern of CAC, whereas a smaller diffusivity index represents a great percentage of the total CAC in a single artery. A categorical variable representing CAC pattern was calculated using thresholds of the diffusivity index. Concentrated CAC pattern was considered to be present when the diffusivity index was <25th
percentile for a given number of vessels with CAC.
Diffuse CAC pattern was defined as a diffusivity index >75th percentile for a given number of vessels with CAC. All statistical analyses were conducted using STATA 13 (Stata Corp., College Station, Texas). A 2-tailed p value of <0.05 was considered significant.
RESULTS
The mean age of the study population was 66 AE 10 years with 58% men. Approximately 43% were white persons, 12% Chinese, 24% African American, and
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Regional CAC and Cardiovascular Events 20% Hispanic. In general, with increasing number of vessels with CAC, there was a greater number of cardiovascular risk factors present and with greater risk factor severity ( Table 1) .
The mean CAC score of the population was 291 AE Table 1 and
Online Tables 1 and 2 .
There was considerable heterogeneity between conventional CAC groups and number of vessels with CAC ( Figure 1 ). Heterogeneity was predominantly noted in the intermediate CAC score 1 to 300 range.
In contrast, most individuals with CAC >300 had at least 3-vessel CAC (91%).
There were a total of 368 CHD and 493 CVD events Values are mean AE SD, n (%), or median (IQR). *Concentrated CAC pattern was considered to be present when the diffusivity index was <25th percentile for a given number of vessels with CAC. Diffuse CAC pattern was defined as a diffusivity index >75th percentile for a given number of vessels with CAC. †Units for concentrated and diffuse CAC patterns are the diffusivity index, given as a %.
BMI ¼ body mass index; CAC ¼ coronary artery calcium; HDL-C ¼ high-density lipoprotein cholesterol; IQR ¼ interquartile range; LDL-C ¼ low-density lipoprotein cholesterol.
Regional Table 3 ). With CAC scores >300, where there was little heterogeneity between CAC score group and regional CAC distribution (Figure 1) , the number of vessels with CAC provided no added prognostic value. Interaction of number of vessels with CAC and CAC score group is shown in Online Table 4 .
In incremental AUC analysis ( Table 3) However, the improvements in this smaller subset (n ¼ 2,458) no longer reached statistical significance after complete risk factor adjustment (Online Table 5 ). Tables 6 and 7) . Table 5 shows the results of the analysis testing the prognostic significance associated with which specific coronary artery is afflicted with CAC. In models 
CAC > 300
There is heterogeneity between CAC score group and the number of vessels with CAC, particularly when CAC is intermediate (1 to 300). Nearly all participants with CAC >300
have at least 3-vessel CAC. CAC ¼ coronary artery calcium.
and Cardiovascular Events
The most important finding is that simple addition of the number of vessels with CAC to the traditional Agatston score improves both the AUC and the NRI for prediction of CHD and CVD events. This simple measure of multivessel CAC does not require remeasurement or a complicated calculation, and is available on all CAC scores that report CAC on a per-vessel basis (11). Our results therefore point to a score group, there is a graded increase in CHD and CVD event rates progressing from a concentrated to a diffuse pattern of CAC distribution. CHD ¼ coronary heart disease; CVD ¼ cardiovascular disease; other abbreviations as in Figure 1 .
Regional CAC and Cardiovascular Events It is important to note that these assumptions are in fact related (8) . For a given Agatston CAC score, presence of overall less dense calcium translates into lower CAC scores for individual plaques, and therefore by definition translates into more plaques and a Tables 1 and 2 . There were a total of 368 CHD and 493 CVD events during follow-up. *Adjusted for age, sex, race, BMI, systolic blood pressure, hypertension medications, diabetes, smoking status, cholesterol, HDL-C, lipid-lowering medications beyond inclusion of the Agatston CAC score definition in the model. Bold indicates statistical significance at p < 0.05. Tables 1 and 2 .
Abbreviations as in
Blaha et al. Tables 1 and 2 . Likely because of its complexity, the calcium coverage score has not been widely adopted.
In a small proof of principle case-control study, Qian et al. (27) calculated a "lesion-specific" CAC score including data on the number of vessels with CAC, the number of lesions with CAC, spatial distribution of lesions, and lesion-specific morphology. In 60 patients with CAC, the lesion-specific CAC score outperformed traditional CAC scoring for prediction of cardiac events. 
